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Abstract
ArmorDillo® is a heavy-duty, waterproof textile designed to protect valuable equipment
against outdoor elements such as rain, dirt, salt, ultraviolet rays, and damage from other
external factors that is manufactured by Transhield ® USA and is currently in service with
many branches of the United States Armed Forces, primarily the United States NAVY. Due to
emerging security threats to classified military hardware the US NAVY through the United
States Naval Surface Warfare Center (NSWC) is actively researching and sourcing a textile
replacement for ArmorDillo® to meet these threats. This study investigates the mechanical
durability of ArmorDillo ® under mechanical tearing at 0°, 15°, 30°, 45°, 90° angles respective
to the manufactured direction of the fabric under dry conditions for analysis and comparison
with intended replacement textiles. Failure analysis was performed by visual and video
observations to determine failure cause and assess difference in mechanical performance
between textiles and correlate failure to load behavior.
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1. Introduction
1.1 Motivation
The US Navy is currently undergoing testing and development of unspecified protective textiles
to counteract potential surveillance threats not currently stopped by the current use textile
ArmorDillo®. The Department of Defense (DoD) specifies that any replacement of current
materials or equipment meet a performance standard of “as good as or better”. Testing and
development of the replacement material system is being conducted by the US Naval Surface
Warfare Center (NSWC) in conjunction with Transhield ® and the current manufacturer of
ArmorDillo®. The NSWC has specified the scope of this project to be the characterization and
analysis of mechanical tear strength under predegredation conditions of ArmorDillo ® for future
comparison with the undisclosed replacement textile to determine if it meets DoD standards and
understand differences in performance between the textile systems.

1.2 Project Goals
This research project was focused on determining the performance standard “equal to or better”
than the current use material ArmorDillo® in terms of mechanical tear strength and, providing an
failure analysis of ArmorDillo ® and develop an ground work for explanations of performance
variance between ArmorDillo ® and the next generation textile at a later date.

1.3 Constraints
Due to changes in the ITAR classification status of the next generation textile intended to replace
ArmorDillo® this project is unable to provide any direct comparison between these materials.
Nondisclosure agreements with Transhield® and the sensitive nature of the project limits this
project’s ability to provide in depth characterization of the individual components used in
ArmorDillo®.
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2. Background
By its very nature military hardware and equipment is expensive to produce and maintain as such
hardware is expected to face large changes in adverse environmental conditions and provide
protection from surveillance during service use and transit for extended periods of time. These
factors include high temperatures, sub-zero conditions, moisture, exposure to salts, oils, and
corrosive compounds, ultraviolet radiation, xenon radiation, wear, and general damage during
transit. The use of textiles to protect military hardware from such conditions has been common
practice for armed forces for centuries with current textiles being advanced composite lay ups
such as ArmorDillo ® which is currently in use with various branches of the United States
Military (Fig. 1).

Figure 1 ArmorDillo® covers during service use.1

ArmorDillo® is a heavy duty waterproof three layer engineering composite composed of a
polyethene outer layer and a unwoven scrim reinforced fabric layer bonded together with a hot
melt adhesive treated with vapor corrosion inhibitor
(VCI) compounds (Fig. 2). This composite textile is
designed to prevent corrosion by producing a localized
environment around military hardware removing the
ability for corrosive elements to react. This is
accomplished due to interactions from each layer
starting with the exterior polyethylene outer layer that
is UV resistant and one-way moisture barrier allowing
preventing moisture from contacting the hardware but
allows water vapor to leave the isolated environment
controlling the humidity level mitigating aqueous

Figure 2 ArmorDillo® composite textile layup.1

corrosion. The hot melt layer used to bind the outer
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and inner layer is treated with thermally activated VCI compounds that are released into the
localized environment to reduce electronegativity difference between the environment, corrosion
byproducts, and hardware to reduce corrosions dramatically. The inner unwoven fabric layer is a
soft scrim reinforced fabric layer composed of synthetic and natural fibers that protects covered
military hardware from wear, abrasion, and mechanical damage during service use, storage, and
transit. The opaque nature of the layer provides passive surveillance protection against
photography and imaging techniques
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3. Methodology
The goal of this experiment was to measure the tear strength of ArmorDillo ® under
pregedredation condition (preexisting tear) across a range of fabric orientation angle vs. load for
the 0°, 15°, 30°, 45°, and 90° angles. The testing fall under the ASTM D2261 test method for
Tear Trength of Fabrics by Constant-Rate of Extension Tensile Testing Machine. Testing will
follow the ASTM D2261 procedure for sample preparation, testing, and data analysis.
ArmorDillo® sample material was received from 18 in. by 18 in.
swatches of material to be cut into smaller 3 in. x 15in. samples with a
3 in. long cut to produce two tongues that are 1.5 in. in width in the
short direction of the sample (Fig. 3). Samples were cut such that the
orientation of the fabric layer to the direction of the load angle
produced 0°, 15°, 30°, 45°, and 90° angles. The preformed tear is
aligned parallel to the load angle for testing purposes. A set of metal
blanks was cut to ensure uniform sample size with sample dimensions
being confirmed with electronic calipers.

Samples were tested in the dry test condition at equilibrium conditions

Figure 3 Tear sample
dimensions in mm.2

of standard atmosphere of 21 °C ± 1 °C at 65 ± 2% relative humidity.
Samples were mounted in a tensile test machine such that each tongue
of the sample was mounted in an opposing jaw of the tensile tester
(Fig. 4). Samples were subject to a constant rate of extension of 50
mm/min. until a 3 in. tear had propogated along the length of the
sample with load and extension data being automatically logged and
recored with accompaning computer and software. The tear strength
was determined using the average of five highest peaks as listed in the
D2261 standard. Testing was stopped if sample tear developed
perpendicular to applied load direction and recorded. Failure analysis

Figure 4 Sample mounted in
tensile tester jaws.

of samples was performed visually and under low optical magnification
to detemine failure modes.
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4. Results and Discussion
Average tear strength for each sample is
displayed in Table I and shows that

Table I
Tear Test 0°

ArmorDillo® 0°
Tear Strength

Sample A

148.2 N

ArmorDillo®
Tear Strength
Specification
160 N

Sample B

Perpendicular Tear

160 N

stress defect that occurred during transit

Sample C
Sample D

Perpendicular Tear
154.6 N

160 N
160 N

that debonded the polyethylene and fabric

Sample 1

212.7 N

160 N

layers (Appendix 1).

Sample 2

170.0 N

160 N

The fact that samples failed well above

Sample 3
Sample 4
Sample 5
Tear Test 90°

225.5 N
199.4 N
193.1 N
ArmorDillo® 90°
Tear Strength

Sample 1
Sample 2
Sample 3
Sample 4
Tear Test 45°

445 N
536.1 N
452.2 N
481.1 N
ArmorDillo® 45°
Tear Strength
153.2 N
164.6 N
128.2 N
118.7 N
117.1 N
ArmorDillo® Tear
Strength
355.7 N
319.4 N

160 N
160 N
160 N
ArmorDillo®
Tear Strength
Specification
200 N
200 N
200 N
200 N

samples consistently failed at higher than
expected loads. 0° samples A through D
failed below specification and
unexpectedly failed has been linked to a

specification is believed to be caused by
difference in strain rate due to a faster
rate of extension (300 mm/min) used by
®

Transhield in their testing. This was
determined after testing during
communication with Transhield®.

Data indicates that the 45° failure a lower
loads than the 0 and 90 orientations and
clearly visible when graphed of Load vs
Fabric Angle (Fig. 5).

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Tear Test
Sample 30°
Sample 15°

No specification

No specification

Upon examination of load vs. angle the effect of fabric angle becomes apparent with a large
effect on mechanical performance. An upward trend can be observed as the angle increases. The
increase in load as angle increases is explained by greater load bearing by the fibers in the fabric
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and matches known composite loading behavior. The drop at the 45° angle is explained by
multiple simultaneous failure modes occurring at this load angle whereas the 0° and 90°
exhibited a shingle mode of failure (Fig. 6-8).

Load (N) v. Angle
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Fiber vs. Load Direction Angle
Figure 5 Load (N) v. Fabric Orientation Angle showing an increase in tear strength as load angle increase.

Tear

Figure 6 90° Sample: Fibers remain
intact, but have debonded from the
PE layer.

Figure 7 0° Sample: Left; Tear region. Middle; Stretching
polymer layer with warpage of fabric layer. Right; Fibers
have been pulled out of layer before breaking.

Figure 8 45° Sample: Middle; Fibers pulled from layer before
snapping similar to 0° testing. Right; Fiber debonding from PE
layer similar to 90° testing.
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Failure in the 0° samples (Fig. 6) shows failure of the polyethylene layer before failure of the
fibers in the fabric. This is supported by elongation and pull out of the fibers. The load
eventually exceeds the strength of fabric causing stretching of the polyethylene before load
transfers to a new bundle of fibers. While the 90° samples showed the debonding of the
polyethylene layer and fabric layer with the load transferring to the fabric allowing the samples
to support much higher loads.

Examination of the 45° samples displayed a mix of layer debonding, fiber breakage, and
polyethylene shearing simultaneously with tears propagating along the 0° orientation. The
presence of multiple failure modes is likely causing increased strain rates locally lowering the
load required for failure. This cause seems to be supported by shearing of layers in the outer
polyethylene layer and the formation of voids in the polyethylene layer between fibers indicating
a large change in local strain rates. This failure behavior is exhibited in general composite failure
behavior and matches behavior cited in studies of similar composite fabric systems, primarily in
Kevlar armor3.

Examination of 15° and 30° samples shows a transition between the failure modes (Fig. 9) that
corresponds to a drop off in strength in the Load v. Extension graphs. The samples did develop a
tear perpendicular to the load direction with the tear growing towards the weaker 0° orientation.

Figure 9 15 degree sample highlighting
the transition between failure modes.
With red highlighting 90° behavior and
yellow highlighting 0° behavior.
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The 0° and 90° graphs demonstrate normal loading behavior of textiles. The Load vs Extension
graphs for the 15°, 30°, 45° graphs all depict the drop in strength of ArmorDillo ® as the tear
began propagating towards the weaker 0° direction with the most observable trend in the 15°
graph.

Using video footage of testing it is possible to correlate peaks of the load graphs to the breakage
of individual fibers of the fabric and valleys to load transitions to new fibers. Upward slopes
correlate to loading and fiber extension while downward slopes correlate to failure of the
polyethylene and hot melt layers between fibers.

Figure 10 Load v. Extension Graphs match behavior of
similar materials in literature.
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5. Conclusions
o Fiber orientation to load angle has a large affect on the tear strength of ArmorDillo ® due
to increased fiber load carry percentage.
o Debonding of layers appears to have an effect on lower tear strength of ArmorDillo ®.
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6. Recommendations
It is recommended for continued mechanical tear testing to confirm 15°, 30°, 60°, and 75°
orientations to confirm observed trends. Further mechanical testing of breaking strength,
abrasion resistance, and fatigue resistance are needed to assist in DoD determination of
ArmorDillo® replacement and acquisitions. SEM analysis should be performed to definitively
confirm failure mechanisms.
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